INTRODUCTION
S everal investigations have examined the possible relationship between sprinting ability and various strength measures (1) (2) (3) (4) (5) 7, 9, 10, 13, 15) . This interest is a result of the defined relationship between the ability to apply a given value of ground reaction force and subsequent running velocity (11, 12, 14) . Several investigations have found a strong correlation between ground reaction force or impulse magnitude and sprinting velocity (6, 12) . Some investigations have indicated smaller relationships between leg strength and sprinting velocity when measured in isolated single-joint movements such as a leg extension in either an isometric or isokinetic condition (3, 4, 15) , whereas structural multiple-joint measures of strength have been reported to have a stronger relationship to sprinting velocity (13) .
Wisloff et al. (13) reported a 20.940 correlation between 10 meter sprint time and 1 repetition maximum (1RM) in a free weight squat. Dowson et al. (4) reported that concentric knee extension torque at 4.19 rad/s and time to reach 15 and 35 meters was significantly correlated at 20.518 and 20.688, respectively. In an isometric leg extension, time to reach 60% of maximum force was significantly correlated to maximum running velocity (r = 20.730) (3). Harris et al. (5) reported a statistically nonsignificant correlation between a machine squat 1RM and 10 meter and 40 meter sprint times (r = 0.200, 20.140). Kukolj et al. (7) reported no significant correlations between isometric peak force of knee extensors, hip extensors and hip flexors, and any sprinting performance variables. Thus, it appears that a free weight multiple-joint structural measure of strength might have a more significant predictive capability in terms of sprinting ability.
Several investigations have shown the relationship between ground reaction force capabilities and sprinting performance (6, 11, 12) . A statistically significant correlation has been reported between maximum ground reaction force and maximal sprinting velocity (r = 0.600) (12) . In addition, this investigation reported that maximal sprinting velocity was a product of ground reaction force and not the leg speed of the runners (12) . Swing time for the legs of slow and fast runners was identical at approximately 0.360 seconds (12) . In addition, Hunter et al. (6) has reported a significant correlation between ground reaction force horizontal impulse and sprinting velocity (r = 0.780). Thus, it is clear that strength or maximal force production is an integral component to maximal sprinting velocity.
Given the known relationship between ground reaction forces and sprinting velocity and the contribution of this ground reaction force from the major muscle groups of the lower body, it would appear as plausible that a 1RM in the squat might correlate to sprinting performance. Thus, this study attempted to further investigate the possible relationship between a structural multiple-joint assessment of strength (i.e., free weight squat) and its possible relationship to sprinting times.
METHODS

Experimental Approach to the Problem
This study was designed to assess the possible relationship between maximal squat strength and sprint times at 5, 10, and 40 yards. Maximal strength of the lower-body musculature is required for maximal ground reaction forces that have been associated with maximal sprinting velocities. Thus, a 1RM squat and sprint times were measured and Pearson product correlation coefficients calculated between selected variables. All subjects voluntarily read and signed an informed consent, which was approved by the Institutional Review Board of Appalachian State University.
Maximal Strength Testing
Back squat 1RM was assessed after an appropriate warm-up protocol (8) . The warm-up protocol consisted of multiple repetitions at loads equal to 30% (8-10 repetitions), 50% (4-6 repetitions), 70% (2-4 repetitions), and 90% (1 repetition) of the subject's estimated 1RM. During all attempts, subjects were required to lower the bar to a point where a 70°knee angle was attained. Before the start of the warm-up, a goniometer was used to visually demonstrate the attainment of an 70°knee angle while the subject was squatting. Subjects were given up to 4 maximal attempts to achieve a 1RM. Rest periods of 3 to 5 minutes were given between trials.
Sprinting Times
Sprint times of the 40 yard dash as well as 5 yard and 10 yard splits were measured using an infrared timing system (Brower Timing Systems, Draper, UT) performed on a standard track surface. Subjects activated the system by placing the thumb of their down hand on a touch-sensitive pad. Upon activation (initiated by thumb release from the touch-sensitive pad), the equipment emitted an auditory signal assuring the subject that he could begin his sprint at any time. In addition to the assistance given by the equipment, the researcher was present at every start to ensure that the subject was lined up in a 3-point stance in the correct spot and that he properly activated the system. No assistance such as running or starting technique was given during the study, nor was any encouragement given. The subject was instructed to run as fast as possible during the test and to make sure to run all the way through the clearly marked finish line. Reliability data for this test is reported by McBride et al. (8) .
Statistical Analyses
Statistical analysis was performed using SPSS software (version 14.0, SPSS, Inc., IL,). Independent t-tests were used for mean comparisons between strong and weak groups. Pearson correlations were performed to determine significance between variables. The significance level was set at p # 0.05. (Figure 3 ). Subjects were divided into 2 groups: (a) greater than 2.1 1RM/BM and (b) less than 1.9 1RM/BM. Subjects in group 1 had a statistically significant lower 40 yard and 10 yard sprint time in comparison with group 2 (p # 0.05) (Figure 4) . Sprint times between the 2 groups were not statistically significant at 5 yards.
DISCUSSION
This investigation has found that 1RM/BM is significantly related to sprinting ability in male athletes. This finding has been reported previously by Wisloff et al. (13) . A relationship between ground reaction force capabilities and sprinting abilities has been previously established (6, 12) . Thus, the strength of the lower-body musculature appears to play a role in maximal sprinting velocity. The data from this investigation further support the concept of maximizing lowerbody strength to improve sprinting ability in athletes.
Wisloff et al. (13) reported a strong statistically significant correlation of 20.940 between 10 meter sprint times and squat 1RM. The current investigation has also observed a statistically significant correlation between 1RM/BM and 10 yard sprint times (r = 20.5437). Although the correlation between strength and sprint times was not as high as previously reported by Wisloff et al. (13) , the relationship was statistically significant with a relatively high power level of 0.7468 (40 yards) and 0.6255 (10 yards). Other investigations have reported much lower correlation coefficients when using singlejoint isolate measures of strength. Harris et al. (5) reported nonsignificant correlations between machine squat 1RM and 10 meter and 40 meter sprint times (r = 0.200, 20.140), and Kukolj et al. (7) reported no significant correlations between isometric peak force of knee extensors, hip extensors and hip flexors, and any sprinting performance variables.
Horizontal ground reaction force and net impulse have been strongly correlated with sprinting velocity, respectively (r = 0.7810, 0.7550) (6) . In addition, net ground reaction force has been shown to be correlated to sprinting velocity as well (12) , and data also indicate that leg speed was not a factor in increased sprinting velocity (12) . Thus, one of the primary factors determining sprinting velocity is the ability to generate large ground reaction forces with the lower-body musculature. Therefore, the level of strength of the lowerbody musculature is an obvious site of interest for maximizing sprinting ability.
PRACTICAL APPLICATION
In conclusion, this investigation provides additional evidence of the importance of lower-body strength in maximal sprinting performance. The amount of evidence indicating the importance of lower-body strength as assessed by a free weight structural multiple-joint measure of strength continues to increase. It is speculated that a focus of resistance training should be increasing lower-body structural multiplejoint movements of strength (i.e., free weight squat). This investigation clearly shows, in conjunction with previously reported data, that a substantial commitment to increased squat strength has a high likelihood of contributing to increased on-field sprinting ability.
